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Coated film with exceptional embossing characteristics and method for producing it 



(57) A directly embossable, coated polyethylene- 
terephthalate film including a dry, uniaxially oriented 
PET film, and a coating applied to the PET film, wherein 
the coating and the PET film have as a composite been 
transversely stretched, the film being coated from an 
aqueous solution at a thickness of about 0.1 urn - about 
0.4 jim with a non-crosslinked polystyreneacryiic emul- 
sion and non-crosslinked polyester dispersion, the Tg 
of the coating resin being greater than about 20°C and 
less than about 70°C, the coating resin being capable 
of impregnating the PET surface on drawing, rendering 
the film surface susceptible to embossing under pres- 
sure and the coating having low heat sealability and a 
method of producing a coated, directly embossable pol- 
yethyleneterephthalate film including uniaxially stretch- 



ing a polyterephthalate film to form a uniaxially oriented 
polyethyleneterephthalate film, drying the uniaxially ori- 
ented polyethyleneterephthalate film, coating at least 
one surface of the uniaxially oriented polyethylene- 
terephthalate film with an aqueous solution of an organic 
material, drying the coating to form a coated uniaxially 
oriented polyethyleneterephthalate film, rendering at 
least one surface of the coated uniaxially oriented pol- 
yethyleneterephthalate film susceptible to direct em- 
bossing by impregnation of the surface of the uniaxially 
oriented polyethyleneterephthalate film with at least a 
portion of the coating by transverse stretching the coat- 
ed, uniaxially oriented polyethyleneterephtlate film. 
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Descripti n 
BACKGROUND 

30 cases impossible. 

DESCRIPTION OF THE PRIOR ART 

[0005] US 4 913,858 describes the requirements of an offline coating for holographic embossing use. 
35 [0006] US 3,758,649 describes embossing directly into a thermoplastic sheet. 
[0007] Other known publications include: 

^attog/nterfer^ 
40 "Dimension, design and printability", James Coburn 

"Holographic Advances Open New Dimensions for Converters", S.F. Mann. Dennison Mfg. Co.. 1986 
"Optical Embossing", James River Products 
SUMMARY OF THE INVENTION 



45 



50 



55 



2 



EP 1 291 154 A2 

late film including stretching a polyterephthalatefilm to form a uniaxially-ori nted poly thylen terephthalatefilm drying 
toZSyX dpolyethyl neter phthalat film, coating at I aston surface of the uniaxially or.enec ^polyethyl- 
eneShar a rL wJh an aqueous solution of an organic material, drying th coating to form a coated uniaxially 
o SCy" t'ep'Jate film, rendering at least one surfac of the coated uniaxial* orie 
te ephthalate film susceptible to direct embossing by impregnation of th surfac of th uniaxial* or, 
SrephLlate film w«h at least a portion of the coating by transverse stretching the coated, un.ax.ally onented 

Z7TXS>«^ •» invention reiates to a method of producing a directly embossable substrate having 
ow heat seSbX~mprising inline coating a uniaxiaily oriented PET film with about 0.1 urn to abou 0.2 pm .n 

and transverse stretching the resulting coated film. 
BRIEF DESCRIPTION OF THE DRAWING 

[0012] Fig. 1 is a TEM micrograph of an embossed pattern on coated PET film from Example 2. 
DETAILED DESCRIPTION OF THE INVENTION 

[00131 We havediscovered a method to renderthe PET embossable via the incorporation of a unique ^surface coating. 
Thi coating can be applied to PET fiim during the fiim making process and renders the PET film itsef embossable y 
^or^nSaThe PET and softening the upper layer of the film structure. The composite structure is then embossable 
St need ^^S^U Furthermore, this material maintains its embossabi.ity without acting 
as a heat-seal material. Such properties are required for low cost production of holographic images. 

mTZr^^ bv inline uniaxia,,y oriented PET fi,m ' drying and then ? nsverse 17 

Sating to produce a composite structure of PET and coating, wherein the film is coated with an aqueous so u , on at 
rSness of about 0.1 pm - about 0.4 pm with a non-crosslinked polystyrene-acrytic emuls.on or ^n-crossM 
Dolvester dispersion the coating resin having a Tg greater than about 20_C, the coating res.n be.ng capable of im- 
on drawing, thereby rendering the fiim surface susceptible to embossing under pressure 
such that the coating has a low heat sealability. 

[0015] The polyethyleneterephtlate film may also preferably have a Tg greater than about 35.C but less Uian about 
70 C. The PET film preferably has a thickness of about 4.5 pm to about 60 pm and preferably contams The 
particles are preferably selected from the group consisting of silica, alumina, calc.um carbonate and m xtures thereof 
although other types of particles are possible. The particles are also preferably present ,n the amount of about 0.05 
wt% to about 0.6 wt%. based on the weight of the PET film. The PET film may be a 3 ayered strucUie^ 
35 0016] The nonK,riented PET film is preferably stretched in an amount of about 3 4 to about 5.4 times Also, the 
coated PET film is preferably stretched in an amount of about 3.3 to about 4.6 times .n the transverse direction 
The ^ 

pdystyrene-acrylic emulsion and non-crosslinked polyester dispersion. The coating should have a t**ness ^ofabou 
0 1 pm to about0.4 pm. Also, the coating may contain a fluorosurfactant. Finally, the coating may have a Tg greater 

nline coating a uniaxially oriented PET film with about 0.1 pm to about 0.4 pm in thickness of a non ^° s ^ d P° 
styrene-acrylic emulsion or non-crosslinked polyester dispersion, drying the coating and transverse ^tohmg the re- 
sulting coated film, wherein transverse stretching causes the coating to impregnate surface portions > of the PET fflnv 
45 [0019] wehavediscoveredthatitisalsoadvantogeoustoemployanadhesionpromotertoobtoinfurtherenh 

adhesion between the PET film and the coating. One particularly advantageous type of adhesion promoter ,s a , poly- 
Lctional aziridine, preferably "Xama 7" sold by Sybron. Inc. Of course, other adhes.on promoters may be utilized .n 

^ ™e1nvS^ described hereinafter with reference to Examples which are intended as being 

so illustrative of the invention and in no way are to be construed as limiting in any way. 

o1)2« At the^ polyester film was prepared as follows: Polyethylene terephthalate was polym- 

[ ™X* rZ Hod: A me P .t slurry olfethyiene glycol and purified terephtha.ic acid was ^ J" 
o a esterification catalyst, and water and excess ethylene glycol were removed under vacuum, leaving a res dual melt 
o TpoTeShTs melt was discharged via strand die into a cooling trough, palletized, and then further dned to remove 

55 residualmoisturetolessman50ppm.Trimethylphosphateof0.032wt%.magnes,um^ 

;rioxiaeof0.026wt%,andtetraethyl ammonium hydroxide of0.252wt%. was also used to prepare polyester A. External 

fffp:.^^ giycolandpurified 
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tpr^hthalic acid was h ated, in the presence of a esterification catalyst, and wat r and excess thylene glycol were 
terephtha c a«d I was atea m P ^ dj ed yja strand dl mt0 a ^cng 

t r T!22ET!^^2wS remove? Jdua. moisture to less than 50 ppm. Lithium acetate dihydrate 

ro^Ti^r:; ssu add of o. 020 *,%. ^ « 0.04 wt%. ^ 

E oSnS^^S^hod: A melt slurry of ethylene glycol and purified terephthalic acid was heated in 
Syd^e^ 

wt% was also used to prepare polyester C. The content of particles (A) in the polyester peBet (C) was 2 0%. 
f00241 Next 485 parts by weight of pellets (A), 48.5 parts by weight of pellets (B), and 3.0 parts by weight of pellets 
S wire M I Up toMt recycle consisting of finished film can replace equal parts of polymer A and polymer B. 
£e mlxXTeb * were dried under vacuum at 1 50°C for 3 hours and supplied to an extruder and melted, mixed and 
SLnSdS 7. tawrtum of 285X. The extruded polymer was delivered through a die in the form of a molten 

oSed ™a subsequent stretching steps on a roller train and chain driven transverse stretcher as .s weil known ,n the 

^afer SSS ST structure where polymer (I) and polymer (I.) were essentially the samejhe , exjuded 
LZe was dtlvered through a die in the form of a molten curtain. The resulting melt curiam was quenched on a 
SZ^thenLafiy oriented ^subsequent stretch^ 

Letcher as is well known in the art. The total thickness of the film ranged from about 4.5 pm to about 60 pm 
?S SnnHhe ^STmaWng process, the uniaxially oriented PET film is coated. This coating ,s then dried and 

SaS 

5?eTppe po ^yS'surfac^ modified. We have determined certain coatings that render the upper surface of the po ly- 
Tster film pSabTe but not heat sealab.e. such that this modification to the polyester film renders tac^Jn 
sSre capable of being embossed under heat and pressure. This makes the composite PET film processable for 
holographic film use without the need for a secondary coating step. hvdrau |ic hot Dress 

[0027] The embossing evaluation of the coated films were performed as follows: A 12 ton Caryer hydraulic hot press 
model#3912 with 6X6 inch heated platens was used to evaluate the embossing wpabilrties of the coated film matenaL 
A 4X4 inch S embossing shim was placed on top of a 4X4 inch sample of PET filnvBoth platens were Seated to 
220«F To film sample and shim was pressed together for 10 seconds at 400 ps,. The sa •** J"""^"* 
aHowed to cool. After cooling, the embossed PET film was slowiy peeled off the shim at ^ J 
order to visually determine the quality of the embossing, the PET film sample was placed on a black background to 
enhance the visibility of the embossed image. 

[0028] Qualitatively, the embossing of the PET film was rated as follows: 

Excellent = Bright colors viewed from many angles. 
Good = Colors not as robust from viewed at different angles. 
Poor = Colors dull or incomplete embossing noted. 

[0029] When removing the embossed PET from the shim as described in some ^^^f^^^^ 
to the shim. In these cases, the image received was poor due to transfer of the coafng to the sh.m. For these cases 
a rating of good heat seaiability was noted. 
[0030] The following Examples are illustrative of the invention. 
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Examples: 



Example 1 
5 [0031] 



10 



15 



20 



25 



30 



Coating solution #1 



Amorphous Sulphopolyester dispersion (1) 
Fluorosurfactant (2) 

Deionized Water 



6 parts 
0.001 Parts 
94 Parts 



(1) Eastek 1000 sold by Lawter. Incorporated 

(2) Zoynl FSO sold by OuPont. Inc. 

able. Furthermore, the coating was not heat scalable to the shim. 
Comparative Example 1 

a poor image. 
Example 2 
[0034] 



Coating solution #2 


Styrene-acrylic emulsion (3) 


10 Parts 


Fluorosurfactant 


0.01 Parts 


Deionized Water 


90 Parts 
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(3) Paracryl 8227 sold by Parachem, Incorporated. 

,00,=, Th. «*« «. w» «M «.» uniaxial., o*nt« PET 32 

bossing was received under the test conditions. 

Example 3 

[0036] 



Coating solution #3 


Styrene-acrylic emulsion (4) 
Fluorosurfactant 
Deionized Water 


6 Parts 
0.01 Parts 
94 Parts 



(4) Setalux 37-3372 sold by Akzo Nobel. Incorporated. 

[0037] The coating solution #3 was coated onto uniaxia.ly oriented PET utilizing a #3 wire wound bar This coating 
bossing was received under the test conditions. 
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Styr n -acrylic mulsion(5) 


10 Parts 




Fluorosurfactant 


0.01 Parts 




Deionized Water 


90 Parts 
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(5) Paracryl 8340 sold by Parachem, Incorporated. 

test conditions used. 
Comparative Example 3 
[0040] 



Styrene-acrylic emulsion (6) 


10 Parts 


Fluorosurfactant 


0.01 Parts 


Deionized Water 


90 Parts 



(6) Hycar 26288 sold by BF Goodrich Company. 

conditions. 
Example 4 

10042] Coating solution #2 was coated onto 2 mil biaxially oriented PET. rib* , . i #4 rod and dried in a force hot 
air oven. The embossing process rendered an excellent image wrth th.s th.cker coating. 

Example 5 
[0043] 





Coating solution #5 




Styrene-acrylic emulsion (4) 


48 parts 


40 


Polyester dispersion (7) 


14 parts 


Deionized Water 


38 parts 
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(4) Setalux 33-3372, Sold by Akzo Nobel. Incorporated 
(7) Evcote P60-30, Sold by Evco. Inc. 

100441 Coating solution #5 was coated onto uniaxially oriented PET utilizing a #4 wire wound ban This coati ng< was 
End men the PET film was drawn in the transverse direction to produce a composite PET film with a surface 
S^MM 0.40 urn. This coated PET film was then drawn in the transverse d,rect,on. Very good em- 
bossing was received under the test conditions. 

Example 6 

[0045] 



Coating solution #6 


Styrene-acrylic emulsion (4) 


48 parts 



(4) 



Setalux 33-3372, Sold by Akzo Nobel, Incorporated. 
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(continu d) 




Coating solution #6 


Poly ster Dispersion (7) 


14 parts 


Deionized Water 


38 parts 


Polyfunctional Aziridine (8) 


0.2 parts 



(8) Xama 7. Sold by Sybron, Inc. 

.00461 Coatina solution #6 was coated onto uniaxially oriented PET utilizing a #4 wire wound bar This coating was 
Stod LSS ^SS fifm was drawn in the transverse direction to produce a composite PET film with a surface 
2S£i^*2« 0.4 This coated PET film was then drawn in the transverse direction. Very good em- 
bossing was received under the test conditions. 

Comparative Example 4 

[0047] Comparative exampie #2 coating solution was coated onto 2 mil biaxially oriented PW'* 4 ^ 
dried n a force hot air oven. The resulting film was subjected to embossing conditions as described here. However 
fhe adhesion* the base film was very poor and the coated film degraded significantly during the embossing process 
rendering no useable image. 



Comparative Example 5 
25 [0048] 



35 





Coating solution #4 




Highly branched PEG-PET Dispersion (5) 


5 Parts 




Fluorosurfactant (2) 


0.001 Parts 


30 


Deionized Water 


94 Parts 




(5) EvCo P56 sotd by Evco, incorporated. 



[0049] Coating solution #4 was coated onto 2 mil biaxially oriented PET. utilizing a #4 rod and dnedM in ,a i force hot 
at oven at 150'C for about 30 seconds. The resultant film was subjected to embossing conditions MM** her* 
Howler, the coating adhered to the embossing shim giving poor release. In order to separate he eml» se fi m from 
S force was required. This resulted in the film tearing and the coating, in places, separating from the sh.m. The 
resulting image was unusable. 

40 Comparative Example 6 
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[0050] 



Coating solution #6 


Styrene-acrylic emulsion (9) 


10 Parts 


Fluorosurfactant 


0.01 Parts 


Deionized Water 


90 Parts 



50 



55 



g£T£££ ~+*m*m — n withaTgof40Cwas <~ 

merited PET. This coated PET film drtdd and than the lilm was drawn inlhe transverse direction. The embossing was 

poor under the embossing test conditions. 



Example # 


Tg 


Coating Thickness 


Heat Sealability 


Embossing Result 


1 


50 


0.15 Jim 


Poor 


Excellent 
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(continued) 



Example # 


Tg 


Coating Thickness 


Heat Sealability 


Embossing Result 


2 


43 


0.10 ujti 


Poor 


Good 


3 


54 


0.10 urn 


Poor 


Exc llent 


4 


43 


0.15 ujti 


Poor 


Excellent 


5 


52 


0.4 jim 


Poor 


Excellent 


6 


52 


0.4 jim 


Poor 


Excellent ! 


Comparative 1 


50 


0.05 urn 


Poor 


Poor 


Comparative 2 


16 


0.10 jim 


Poor 


Fair 


Comparative 3 


20 


0.10 um 


Poor 


Poor 


Comparative 4 


16 


0.15 jim 


Poor 


Poor 


Comparative 5 


65 


0.10 jim 


Good 


Excellent 


Comparative 6 


40 


0.10 um 


Poor 


i Poor 



[0052] The upper PET surface is clearly embossed in Example 2 and as shown in Fig. 1 . As is readily apparent, the 

ever this pliability should not be such that the coating readily adheres to sh.ms typ.cally used to emboss PET films 
Furth^^^^ 

faye ofThe PET to render a bright image upon embossing. Therefore our ^^^J^XS^Z 
impregnate the upper PET surface and render the composite layer embossable wrthout acting as a heat-seal layer to 
a holographic shim, represent a unique and valuable discovery. 



Claims 

1 . A directly embossable, coated polyethyleneterephthalate (PET) film comprising: 

a dry, uniaxially oriented PET film; and 
a coating applied to the PET film, 

wherein the coating and the PET film have as a composite been transversely stretched, said film being coa ' e ^ 
from an aqTeous solution with a non-crosslinked polystyrene-acrylic emulsion or a mixture of "on^osshnked 
potyester dispersion, the Tg of said coating resin being greater than about 20° C and .ess than « MTTO-ri 
bating resin being capable of impregnating a surface of the PET film on drawing, hereby rendering a surface of 
the film susceptible to embossing under pressure and said coating having low heat sealab.lrty. 

2. The film of Claim 1 , wherein the PET film is a three layer structure. 

3. The film of Claim 1 , wherein the PET film has a thickness of about 4.5 pm to about 60 um. 

4. The film of Claim 1 . wherein the PET film contains particles. 

5. The film of Claim 1. wherein particles are selected from the group consisting of silica, alumina, calcium carbonate 
and mixtures thereof. 

6. The film of Claim 1 . wherein particles are present in the amount of about 0.005 wt% to about 0.6 wt%. based on 
the weight of the PET film. 

7. The film of Claim 1. wherein a non-oriented PET film is stretched in an amount of about 3.4 to about 5.4 times. 
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8. The film of Claim 1. wherein the coated PET film is stretch d in an amount of about 3.3 to about 4.6 times in the 
transverse direction. 

9 The film of Claim 1. wherein the coating is formed from a material selected from th group consisting of a non- 
" crosslinked polystyrene-acrylic mulsion and non-crosslinked polyester dispers.on. 

10. The film of Claim 1 , wherein the coating has a thickness of about 0.1 urn to about 0.4 pm. 

11. The film of Claim 1, wherein the coating contains a fluorosurfactant. 

12. The film of Claim 1 . wherein the coating has a Tg greater than about 35°C and less than about 70°C. 

13. The film of Claim 1. wherein the coating further comprises an adhesion promoter. 
15 14. The film of Claim 13, wherein the adhesion promoter is a polyfunction^ aziridine. 

« Th» film defined in Claim 1 wherein the PET film is coated with an aqueous solution at a thickness of about 0.1 

Sd coatinq resm having a Tg greater than about 20°C, said coating resin be.ng capable of impregnate the PET 
slreLd 9 thereby rendering the film surface susceptible to embossing under pressure such that 
said coating has a low heat sealability. 
16. The film defined of Claim 2, wherein the Tg is greater than about 35°C. 
25 17. The film defined of Claim 2. wherein the Tg is less than about 7CC. 

18. A method of producing a coated, directly embossable polyethyleneterephthalate (PET) film as claimed in at least 
one of claims 1 to 17 comprising: 

30 stretching a PET film to form a uniaxially oriented PET film; 

revering at least one surface of a resulting coated uniaxially oriented ^1 film susceptible to ^ 
bTimpSnation of the surface of the uniaxially oriented PET film with at least a port-on of the coating by 
transverse stretching the coated uniaxially oriented PET film. 

19. The method of Claim 18. wherein the PET film is a three layer structure. 

40 20. The method of Claim 18. wherein the PET film has a thickness of about 4.5 pm to about 60 um. 

21. The method of Claim 18. wherein the PET film contains particles. 

22. The method of Claim 18. wherein particles are selected from the group consisting of silica, alumina, calcium car- 
45 bonate and mixtures thereof. 

23. The method ofC.aim 18. wherein particles are present in the amount of about 0.005 wt% to about 0.6 wt%. based 
on the weight of the PET film. 

so 24. The method of Claim 18. wherein the PET film is stretched in an amount of about 3.4 to about 5.4 times. 

25. The method of Claim 18. wherein the coated PET film is stretched in an amount of about 3.3 to about 4.6 times in 
the transverse direction. 

55 26 The method of Claim 18. wherein the coating is formed from a materia, selected from the group consisting of a 
non-crosslinked polystyrene-acrylic emulsion and non-crosslinked polyester dispersion. 

27. The method of Claim 18, wherein the coating has a thickness of about 0.1 pm to about 0.4 pm. 
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28. The method of Claim 18, wher in the coating contains a fluorosurfactant 

29. The method of Claim 18. wherein the coating has a Tg great r than about 20* C and less than about 70»C. 

5 30. Them thodof Claim 18. furth r comprising embossing selected surface portions of th PET film under pressure. 

31. The method of Claim 18. wherein the coating further comprises an adhesion promoter. 

32. The method of Claim 31. wherein the adhesion promoter is a polyfunctions aziridine. 

10 33. A method of producing a directly embossable substrate having low heat sealability using the polyethylenetereph- 
thalate (PET) film of at least one of claims 1 to 14 comprising: 

inline coating a uniaxially oriented PET film with about 0.1 urn to about 0.4 pm in thickness of a non-crosslinked 
is polystyrene-acrylic emulsion or non-crosslinked polyester dispersion; 

drying the coating; and 

transverse stretching the resulting coated film. 

34 A use of a directly embossable substrate as produced according to claim 33 for holographic use by inline coating 
Coaxial* oTented PET film, drying and then transverse stretching the coating and film to produce the composite 
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Fig. i 
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